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Description 
Field of Invention 

[0001 ] This invention concerns encapsulation and re- 
lates to a method of encapsulation, encapsulation ap- 
paratus and the resulting capsules. 

Background to the Invention 

[0002] The provision of water soluble and digestible 
capsules containing pharmaceutical or cosmetic prepa- 
rations is well established. Typically oils are encapsu- 
lated in gelatin shells designed to release their contents 
when subjected to immersion in water or exposure to 
digestive juices. These oils include dietary enhance- 
ment substances or, in the case of cosmetic prepara- 
tions, fragrant oils for release into bath water. A substan- 
tial industry has been built up around this principle, 
based primarily on the use of gelatin for the capsule 
shells. This gelatin is derived from the bones and skins 
of animals. 

[0003] With concern for the environment and animal 
welfare and fear of animal related diseases such as Bo- 
vine Spongiform Encephalopathy (BSE) increasing, the 
number of individuals adopting a serious stance on the 
use of animals and animal-derived products in food sub- 
stances and cosmetic applications has risen dramatical- 
ly. As a result, the sales of such gelatin capsules are 
very limited among such individuals. There exists there- 
fore the need for the provision of a suitable substitute 
for gelatin in order to provide water soluble or digestible 
capsules which are not derived from animals. Whilst this 
is a desirable aim, few materials lend themselves to 
such use and the machinery currently creating such 
capsules has been specifically designed to suit the prop- 
erties of gelatin. As a result, a change in material for the 
capsule shell requires a redesign of the machinery if it 
is to have the capability of efficiently producing capsules 
from the replacement material. It is a change in material 
and the commensurate machine requirements needed 
to enable successful processing which this invention ad- 
dresses. 

Summary of the Invention 

[0004] In one aspect, the invention provides a method 
of encapsulation, comprising supplying two films of like 
material capable of deforming elastically at least when 
partially solvated; applying solvent to at least one of the 
films to cause partial solvation of the material surface 
and consequent greater flexibility of the film material ; 
supplying substance to be encapsulated between the 
films; forming the film material, in its more flexible state, 
into suitably shaped capsule portions which can adhere 
to each other as a result of the adhesive action of the 
partially solvated surface(s); and sealing the capsule 
portions together, without the application of heat, encap- 



sulating the supplied substance, to form a capsule. 
[0005] In the encapsulation unit, the substance to be 
encapsulated is supplied between the films, the films are 
formed, typically by a moulding process, into suitably 

5 shaped capsule portions which can adhere to each oth- 
er as a result of the adhesive action of the partially sol- 
vated surface(s), and which seal together encapsulating 
the supplied substance, forming a capsule. 
[0006] Conventional gelatin encapsulation relies up- 

10 on heat as the mechanism for sealing the two portions 
of the shell together to enclose the contents. The cap- 
sules made by this invention do not use heat as the pri- 
mary means of securing the two portions of the capsule 
together, but instead make use of the adhesive effects 

is manifested when suitable films are partially solvated at 
their surface. 

[0007] The films may be of a range of different mate- 
rials. Suitable materials soluble in water (hot or cold) in- 
clude polyvinyl alcohol (PVA), alginate, hydroxypropyl 

^0 methyl cellulose and polyethylene oxide. In this case it 
is simply necessary to apply water at a suitable temper- 
ature to the film or films to cause partial solvation. The 
resulting capsules release their contents when im- 
mersed in water or exposed to digestive juices and thus 

25 lend themselves to such uses as the release of fragrant 
oil in a bath or the release of dietary supplements after 
ingestion. 

[0008] Non-water soluble film materials may also be 
used, such as polycaprolactone and gelatinized starch 
30 based materials. In this case it is necessary to apply a 
suitable solvent such as N-methyl pyrrolidone rather 
than water to at least one film surface to induce partial 
solvation. The partial solvation of such films causes 
them to soften, enabling them to take up the internal di- 
ss mensions of a mould used to create a capsule. Capsules 
made from films which are biodegradable but not water 
soluble release their contents as a result of microbial 
action instead of immersion in water, and can find use 
in agricultural and industrial applications. 
40 [0009] The currently preferred film material is PVA, 
preferably plasticised with glycerin. Suitable films are 
commercially available in a range of different grades, 
types and thicknesses. An appropriate film can be read- 
ily selected having regard to the intended use, capsule 
45 contents and desired capsule properties. For example, 
PVA film is available in thicknesses ranging between 20 
and 1000 microns. For cosmetic applications, good re- 
sults have been obtained with 80 micron PVA film, eg 
Hi-Selon (Hi-Selon is a Trade Mark) cold water soluble 
so PVA B9, obtainable from British Traders and Shippers, 
429-431 Rainham Road South, Dagenham, Essex. 
[001 0] It is preferred to use film material that becomes 
more flexible when in partially solvated conditions as 
this assists capsule formation. PVA has this property. 
55 [0011] Instead of using pre-formed films, the films 
may be formed during the encapsulation method, eg by 
being cast from solution. 

[0012] In practising the invention it is appropriate to 
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use two films of like material. The films should be chem- 
ically alike but need not be identical in terms of factors 
such as grade, thickness etc. 

[0013] The solvent is selected having regard to the 
film material, and is conveniently water in the case of 5 
water soluble materials. The solvent should be applied 
in an appropriate amount, either in isolation or as part 
of a formulation containing materials such as thickening 
and/or wetting agents, to cause a suitable degree of par- 
tial solvation of the film material surface: this can be 10 
readily determined by experiment. 
[0014] The solvent is preferably applied just prior to 
encapsulation at an appropriate location to obtain opti- 
mum speed of capsule production. 

[0015] The solvent can be applied in a variety of dif- 15 
ferent ways, including by atomisation such as in the form 
of a spray or jet, by dipping, electrostatic coating, roller, 
air knife or Meyer bar, or with a sponge. The currently 
preferred technique is by means of a gravure or flexo 
printing process as this enables ready control and reg- 20 
ulation of the amount and uniformity of solvent applica- 
tion. 

[0016] Solvent may be applied to one or both films as 
appropriate. 

[0017] A vacuum is conveniently applied during cap- 25 
sule portion formation to assist deformation of the film 
material. 

[0018] The invention may be used to encapsulate a 
wide range of substance in the form of solids, liquids or 
gases. The invention may, for example, be used to en- 30 
capsulate all of the substances currently encapsulated 
in gelatin, such as drugs, vitamins, powders, oils, cos- 
metic preparations, drug delivery systems, paint etc. A 
typical cosmetic application is encapsulation of bath oils 
to produce capsules intended to be used in the bath, 35 
where the capsule shell dissolves releasing the oii into 
the bath water. 

[0019] The capsules may have a variety of different 
sizes and shapes, usually determined by the shape of 
the mould employed. Typically the capsules are spher- *o 
ical or oval, but more elaborate forms eg based on fruit, 
animal or abstract shapes may be produced, usually for 
cosmetic applications. 

[0020] In a further aspect the invention provides en- 
capsulation apparatus comprising means for supplying 45 
two films of material to an encapsulation unit; an encap- 
sulation unit; and means for supplying a solvent for the 
film material to at least one of the films upstream of the 
encapsulation unit, said apparatus being devoid of 
means for heating the film material. 50 
[0021 ] The encapsulation unit may be based on those 
used in conventional apparatus currently used for gela- 
tin encapsulation. In typical conventional apparatus, two 
separate ribbons of gelatin film are first produced by 
pouring heated liquid gelatin at a controlled rate onto the 55 
peripheral faces of two cylinders each rotating about a 
horizontal axis. The liquid gelatin cools on the cylinders 
and forms two ribbons which are fed from opposed sides 



to an encapsulation unit. 

[0022] The encapsulation unit typically comprises a 
pair of similar moulding drums. The outer ' cylindrical 
face of each drum is formed with a plurality of indenta- 
tions of desired form, eg hemispherical, arranged in a 
series of axial ly extending rows with, say, 5 or 6 inden- 
tations in each row. The drums are supported in side by 
side relationship, with a small gap. there between, and 
are arranged for coordinated rotation in opposed direc- 
tions (the left hand drum clockwise, and the right hand 
drum anticlockwise). A similar arrangement may be 
used in the present invention. Means for applying a vac- 
uum inside the drums are conveniently included, to help 
pull the partially solvated films into the indentations and 
so assist capsule portion formation. 
[0023] The encapsulation unit typically also compris- 
es a reservoir of the substance to be encapsulated, eg 
bath oil, and an associated supply arrangement adapted 
simultaneously to supply a plurality of metered doses 
(one for each indentation in a row on the moulding 
drums) of the substance to the moulding drums at pre- 
defined time intervals. The arrangement may employ 
syringe pumps or the like. Again, a similar arrangement 
may be used in the present invention. 
[0024] The metered doses are initially supplied to a 
heated injection segment located above the nip be- 
tween the moulding drums, and including a row of a plu- 
rality of injectors aligned with the rows of indentations 
in the drums. A similar arrangement may again be used 
in the present invention although there is no need for 
the injection segment to be heated. 
[0025] In use in conventional encapsulation, two gel- 
atin ribbons are formed and fed over appropriate guide 
rollers etc to pass below the injection segment and into 
the nip between the counter-rotating rollers. Metered 
doses of the substance to be encapsulated are injected 
into the nip in synchronism with the drum rotation. The 
heating segment also acts to heat the gelatin films, 
which has the effect of making the films capable of seal- 
ing to each other and also makes the films more elastic. 
As the doses of substance are injected between the 
heated films, the films deform to line the indentations, 
forming series of pairs of opposed capsule halves con- 
taining the substance. The pairs of capsule halves are 
brought together, sealed and cut from the gelatin rib- 
bons on continued rotation of the drums, thus forming 
capsules containing the substance. A typical production 
rate is one row of capsules every 2 seconds. Instead of 
cutting the capsules from the ribbons, they may be left 
integral with the ribbons. The resulting capsules are col- 
lected below. The capsules are then typically tumbled 
in a hot air dryer and then kept in a controlled humidity 
environment for about 2 days to stabilise the capsules. 
The capsules are then ready for use or sale. 
[0026] As noted above, the present invention may use 
an encapsulation unit generally as described. It is not 
necessary for the injection segment to be heated, as the 
present invention does not rely on heating for sealing, 
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as in the prior art, so processing costs may be reduced 
somewhat and faster processing may be possible. 
[0027] Conventional encapsulation apparatus would, 
of course, also need modification by removal of the gel- 
atin ribbon formation equipment and substitution of 
equipment for supplying (and possibly also forming) the 
films of material used in the present invention. In a sim- 
ple case this could just be a pair of spindles each for 
receiving a roll of the film, to be fed to the encapsulation 
unit in known manner. 

[0028] A further necessary modification is addition of 
means for applying solvent to one or both of the films, 
preferably located just upstream of the encapsulation 
unit. As noted above these means could be a spray or 
jet arrangement, a bath for dipping, an electrostatic 
coating unit, a roller, an air knife, a Meyer bar, a sponge 
etc. Preferably, however, a gravure orflexo printing unit 
is used. 

[0029] Means for applying a vacuum within the mould- 
ing drums are conveniently also incorporated. 
[0030] The invention also covers capsules formed in 
accordance with a method or by use of apparatus in ac- 
cordance with the invention. 

[0031] The invention also includes within its scope a 
capsule having a shell comprising material capable of 
adhering to and sealing with itself when in partially sol- 
vated condition. 

[0032] In a preferred aspect the invention covers a 
capsule having a shell comprising polyvinyl alcohol. 
[0033] The invention will further be described, by way 
of illustration, in the following Example and with refer- 
ence to the accompanying drawing, in which: 

Figure 1 is a schematic illustration of one embodi- 
ment of apparatus in accordance with the invention. 

Detailed Description of the Embodiment 

[0034] The apparatus illustrated in Figure 1 compris- 
es two rolls 10, 12offilm 14, 16 of like material rotatably 
supported on spindles 18, 20, with associated means 
(not shown) for feeding film from the rolls to an encap- 
sulation unit 22. The films first pass over respective sup- 
port rollers 24, 26 and then through respective flexo- 
graphic printing units 28, 30 with associated backing 
rollers 32, 34 for supply to a surface of the film, in an 
adjustable manner, of accurately metered quantities of 
solvent for the film material. In an experimental appara- 
tus, laboratory scale narrow f lexographic heads from RK 
Print Coat Instruments Limited, Litlington, Royston, U. 
K. were used for this purpose. 
[0035] The encapsulation unit 22 is based on the en- 
capsulation unit of conventional apparatus, as dis- 
cussed above, and comprises a reservoir containing the 
substance to be encapsulated and an associated supply 
arrangement for supplying metered doses of the sub- 
stance. The reservoir and supply arrangement are rep- 
resented schematically at 36. 



[0036] The encapsulation unit further comprises a 
pair of similar moulding drums 38, 40. The outer cylin- 
drical face of each drum is formed with a plurality of hem- 
ispherical indentations 42 arranged in a series of axially 

5 extending rows with 6 indentations in each row. Vacuum 
means (not shown) may optionally be included for ap- 
plying a vacuum inside the drums to assist deformation 
of the film material. The drums are supported in side by 
side relationship with a small gap therebetween, and are 

to arranged for coordinated rotation in opposed directions 
(the left hand drum 38 clockwise, and the right hand 
drum 40 anticlockwise). An injection segment 44 is lo- 
cated above the nip between the moulding drums to re- 
ceive substance from reservoir and supply arrangement 

is 36, as illustrated schematically by line 46. Injection seg- 
ment 44 includes an array of 6 injectors (not shown) 
aligned with the rows of indentations in the drums. 
[0037] In use, film 14, 16 is supplied at an appropriate 
rate to the encapsulation unit 22, passing over support 

20 rollers 24, 26 and through printing units 28, 30 where 
solvent is applied to the film surface in appropriate 
amount. The films then pass below the injection seg- 
ment 44 and into the nip between drums 38, 40 which 
are counter-rotating at an appropriate speed. Metered 

25 doses of the substance to be encapsulated are injected 
into the nip from injection segment 44 in synchronism 
with the drum rotation. As the doses of substance are 
injected between the films, the films deform to line the 
indentations 42 of one row in each of the drums, possibly 

30 assisted by application of a vacuum, forming a series of 
6 pairs of opposed capsule halves containing the sub- 
stance. On continued rotation of the drums the pairs of 
capsule halves are brought together and seal because 
of the adhesive effect caused by partial solvation of the 

35 film surface, producing a row of surface-containing cap- 
sules which are cut from the films. One row of 6 capsules 
is produced approximately every 2 seconds. The result- 
ing capsules 48 are collected in a tray 50, and the waste 
film remaining is disposed of. The capsules are dried 

40 and stabilised in generally conventional manner. 

Example 

[0038] Using the apparatus of Figure 1 encapsulation 
45 of a typical bath oil cosmetic product was carried out 
using Hi-Selon cold water soluble plasticised polyvinyl 
alcohol (B9) film, 80 micron thick, with partial solvation 
carried out by application of water. This resulted in pro- 
duction of good quality capsules, suitable for cosmetic 
so use. 



Claims 

55 1. A method of encapsulation, comprising supplying 
two films ( 1 4, 1 6) of like material capable of deform- 
ing elastically at least when partially solvated; ap- 
plying solvent to at least one of the films (14, 16) to 
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cause partial solvation of the material surface and 
consequent greater flexibility of the film material; 
supplying substance to be encapsulated between 
thefilms(14, 16); forming the film material (14, 16), 
in its more flexible state, into suitably shaped cap- 
sule portions which can adhere to each other as a 
result of the adhesive action of the partially solvated 
surface(s); and sealing the capsule portions togeth- 
er without the application of heat, encapsulating the 
supplied substance, to form a capsule (48). 

2. A method according to claim 1, wherein a vacuum 
is applied during capsule portion formation to assist 
deformation of the film material (14, 16). 

3. A method according to claim 1 or 2, wherein the film 
material (14, 16) is selected from polyvinyl alcohol, 
alginate, hydroxypropyl methyl cellulose, polyethyl- 
ene oxide, polycaprolactone and gelatinized starch 
based materials. 

4. A method according to claim 3, wherein the film ma- 
terial (14, 16) is polyvinyl alcohol and the solvent is 
water. 

5. A method according to any one of the preceding 
claims, wherein the solvent is applied just prior to 
encapsulation. 

6. A method according to any one of the preceding 
claims, wherein the solvent is applied by means of 
a gravure or flexo printing process. 



chem Material, das zumindest wenn es partiell 
solvatisiert ist, fahig ist, sich elastisch zu ver- 
forrnen; Aufbringen von Losungsmittel auf min- 
destens einen der Film (14, 16), urn eine par- 

5 tielle Solvatisierung der Materialoberflache und 

daraus folgend eine grofiere Flexibility des 
Filmmaterials zu bewirken; Zufuhren der Sub- 
stanz, die eingekapselt werden soli, zwischen 
die Filme (14, 16); Formen des Filmmaterials 

10 (14, 16) in seinem flexibleren Zustand zu pas- 

send geformten Kapselteilen, die als Resultat 
der Klebewirkung der partiell solvatisierten 
Oberflache(n) aneinander kleben konnen; und 
Versiegeln der Kapselteile miteinander ohne 

15 Anwendung von Warme, wobei eine Einkapse- 

lung der zugefuhrten Substanz unter Bildung 
einer Kapsel (48) erfolgt. 

2. Verfahren nach Anspruch, 1, wobei wahrend der 
20 Formung des Kapselteils Vakuum angelegt wird, 

urn eine Verformung des Filmmaterials (14, 16) zu 
unterstutzen. 

3. Verfahren nach Anspruch 1 Oder Anspruch 2, wobei 
25 das Filmmaterial (14, 16) unter Polyvinylalkohol, Al- 

ginat, Hydroxypropylmethylcellulose, Polyethylen- 
oxid, Polycaprolacton und Materialien auf der Basis 
von gelatinisierter Starke ausgewahlt wird. 

30 4. Verfahren nach Anspruch 3, wobei das Filmmaterial 
(14, 16) Polyvinylalkohol ist und das Losungsmittel 
Wasser ist. 



7. Encapsulation apparatus comprising means (18, 
20) for supplying two films (14, 16) of material to an 
encapsulation unit (22); an encapsulation unit (22); 
and means (28, 30) for supplying a solvent for the 
film material (14, 16) to at least one of the films (14, 
16) upstream of the encapsulation unit (22), said 
apparatus being devoid of means for heating the 
film material (14, 16). 

8. Apparatus according to claim 7, wherein the encap- 
sulation unit (22) comprises a pair of counter-rotat- 
ing moulding drums (38, 40), and an associated ar- 
rangement (36) for coordinated supply of substance 
to be encapsulated. 

9. Apparatus according to claim 8, including means for 
applying a vacuum inside the moulding drums (38, 
40). 



Patentanspriiche 

1. Verfahren zur Einkapselung, umfassend 

Zufuhren von zwei Filmen (14, 16) aus glei- 



5. Verfahren nach einem der vorangehenden Anspru- 
che, wobei das Losungsmittel unmittelbar vor der 
Einkapselung aufgebracht wird. 

6. Verfahren nach einem der vorangehenden Anspru- 
che,. wobei das Losungsmittel mittels eines Tief- 
druckverfahrens fur Kunststoff-Folien oder eines 
Flexodruckverfahrens aufgebracht wird. 

7. Einkapselungsapparatur, umfassend Mittel (18, 20) 
zur Zufuhrung von zwei Materialfilmen (14, 16) zu 
einer Einkapselungseinheit (22); eine Einkapse- 
lungseinheit (22); und Mittel (28, 30) zur Zufuhrung 
eines Losungsmittels fur das Filmmaterial (14, 16) 
zumindestens einem der Filme (14, 16) stromauf- 
warts der Einkapselungseinheit (22), wobei die Ap- 
paratur keine Mittel zum Erwarmen des Filmmate- 
rials (14, 16) aufweist. 

8. Apparatur nach Anspruch 7, wobei die Einkapse- 
lungseinheit (22) ein Paar gegenlauflger For- 
mungswalzen (38, 40) und eine zugeordnete Vor- 
richtung zur koordinierten Zufuhrung der Substanz, 
die eingekapselt werden soli, umfalit. 
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9. Apparaturnach Anspruch 8, die Mittel zum Anlegen 
eines Vakuums im Innern der Formungstrommeln 
(38, 40) umfalit. 



Revendicatlons 

1 . Procede d'encapsulation, comprenant la foumiture 
de deux films (14, 16) de matiere semblable pou- 
vant se deformer elastiquement au moins lorsqu'ils 
sont partiellement dissous ; I'application d'un sol- 
vant a au moins un des films (14, 16) pour produire 
une dissolution partielle de la surface de la matiere 
et obtenir par consequent une plus grande souples- 
se de la matiere des films ; la foumiture d'une subs- 
tance a encapsulerentreles films (14, 16) ^trans- 
formation de la matiere des films (14, 16), dans son 
etat le plus souple, en parties de capsule de forme 
appropriee qui peuvent adherer I'une a Tautre com- 
me resultat de Taction adhesive de la surface ou des 
surfaces partiellement dissoutes ; et la fermeture 
mutuelle des parties de capsule sans application de 
chaleur, la substance foumie etant ainsi encapsu- 
iee, pour former une capsule (48). 

2. Procede selon la revendication 1 ; dans lequel un 
vide est applique pendant la formation des parties 
de capsule, pour aider a la deformation de la ma- 
tiere des films (14, 16). 

3. Procede selon la revendication 1 ou 2, dans lequel 
la matiere des films (14, 16) estchoisieparmi alcool 
polyvinylique, alginate, hydroxypropyl methyl cellu- 
lose, oxyde de polyethylene, polycaprolactone et 
matieres a base d'amidon gelatinise. 



8. Appareil selon la revendication 7, dans lequel I'unite 
d'encapsulation (22) comprend deux tambours de 
moulage tournant en sens inverse (38, 40), et un 
dispositif associe (36) pour coordonner la foumiture 

5 de substance a encapsuler. 

9. Appareil selon la revendication 8, incluant des 
moyens d'application d'un vide a I'interieur des tam- 
bours de moulage (38, 40). 

10 
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4. Procede selon la revendication 3, dans lequel la 
matiere des films (14, 16) est I'alcool polyvinylique 
et le solvant est I'eau. 

5. Procede selon une quelconque des revendications 
precedentes, dans lequel le solvant est applique 
juste avant ('encapsulation. 



6. Procede selon une quelconque des revendications 45 
precedentes, dans lequel le solvant est applique au 
moyen d'un procede de gravure ou de flexo impres- 
sion. 



7. Appareil d'encapsulation comprenant des moyens so 
(18, 20) de foumiture de deux films (14, 16) de ma- 
tiere a une unite d'encapsulation (22), une unite 
d'encapsulation (22) ; et des moyens (28, 30) pour 
('application d'un solvant de la matiere des films (14, 
16) a au moins un des films (14, 16) en amont de 55 
I'unite d'encapsulation (22), le dit appareil ne com- 
portant pas de moyen de chauffage de la matiere 
des films (14, 16). 
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